irit. med. 7., 1967, 4, 316-320 the number of children who die from respiratory tract infections has decreased markedly during the period in which antibacterial drugs have become available. The figures given in Table I illustrate this point clearly, but they also show that such deaths have by no means been eliminated and that the extent of the improvement is much less among infants than among older children. In the course of an extensive survey of respiratory tract infection in children in the Newcastle area we have obtained information about 22 children with such infections who died during the period October 1964 to December 1966 and who fulfilled the following conditions: that they were admitted to hospital before they died ; that they came to necropsy; and that bacteriological and virological investigations of their infections were carried out either before or after death, or both. We have analysed our data in an attempt to find out why these children died, and have paid particular attention to information on three subjects: the presence of conditions which might have made the children unduly liable to succumb to infection; the nature of the infecting organisms ; and any features of the children's clinical conditions which might suggest the mechanisms of death and measures that might have prevented it. These children are admittedly a selected group; " cot deaths," for example, were excluded by our criteria. Our information is incomplete at many points, but it is sufficient to provide a valid, even though only a partial, picture of respiratory tract infection as a continuing threat to the lives of young children.
Methods of Investigation
In addition to clinical examination and assessment the children were investigated as follows:
Bacteriology.-Nasal and cough swabs for bacterial culture were collected from 13 children shortly after they were admitted to hospital. No such swabs were collected from the other nine, many of whom died within a few hours of admission, but blood cultures were set up from two of them before they died. Heart and lung punctures were carried out within 15 minutes after death in 11 cases; the resulting fluids were inoculated into Robertson's cooked meat medium, which was placed in a 37°C . incubator as soon as possible * From the Departments of Virology, Microbiology, Pathology, and Child Health, the University and the Royal Victoria Infirmary, Newcastle upon Tyne, and the Institute of Pathology, Newcastle
General Hospital.
and was subcultured to solid media when visible growth occurred Necropsy tracheal or lung swabs were collected in 13 cases. In one case a small amount of broth was injected submucosally into the swollen epiglottis at necropsy and then withdrawn and used for inoculating cultures for Haemophilus influenzae (Jones and Camps, 1957) . Virology.-Nasal and cough swabs collected from 11 children shortly after admission were transported to the laboratory and examined there as previously described (Elderkin et al., 1965 Two of the children had congenital heart abnormalities --endocardial fibroelastosis (Case 10) and a large ventricular septal defect associated with mongolism (Case 11)-and one (Case 9) was found at necropsy to have acute myocarditis.
Nine children (Cases 12 to 20) had bronchiolitis. In seven the illness lasted only two to five days ; one of these (Case 16) had previously undergone right upper lobectomy for congenital emphysema.
One child (Case 13) had been treated with tetracycline for bronchitis three weeks before admission, following which she vomited blood and remained unwell, with diarrhoea.
When she came into hospital with an exacerbation of her respiratory tract condition two days before she died she was markedly dehydrated, and at necropsy was found to have a sagittal sinus thrombosis as well as bronchiolitis.
The remaining child (Case 15) had a patent ductus arteriosus and an atrial septal defect and had been intermittently ill for six of his 12 weeks of life ; he died two days after admission. R.S.V. was isolated from three of these nine children. Eight children received hydrocortisone or prednisone; further information about six of these is given below.
Mode of Death
As indicated in our introduction, we have been concerned to discover not only why these children died-that is, the aetiology of their fatal illnesses-but also how they died, in the hope of seeing whether their lives could have been saved by measures other than those which were employed.
Cardiac Arrest.-This occurred in three cases. The heart of the child with a patent ductus arteriosus (Case 15) stopped suddenly while she was undergoing bronchoscopy for treatment of massive pulmonary collapse, having been successfully treated in this way twice in the preceding 24 hours ; cardiac massage was ineffective. The heart of the child with epiglottitis (Case 3) also stopped suddenly, while he was on the way to hospital, but it responded to massage ; however, he never breathed spontaneously after admission, and by the next day had ceased to show any evidence of cerebral function. One other child (Case 19) had a similar story except that his heart stopped and was started again by external massage on four occasions during his last three days.
Cardiac Failure.-One child (Case 10) suddenly became deeply cyanosed and showed signs of cardiac failure several hours after admission.
He was treated with digoxin and hydrocortisone but died 10 hours later. Necropsy confirmed that he was in cardiac failure as well as having pneumonia, and also revealed that he had endocardial fibroelastosis. (As already stated, eight other children were treated for cardiac failure, but in none of these cases was it a principal cause of death.) BRmmnSH MEDICAL JOURNAL Sudden Collapse.-Thirteen children collapsed suddenly, becoming pale, hypotonic, and unresponsive to stimuli, with shallow irregular or gasping respirations but without cardiac arrest. These 13 included only one of the six children whose deaths were apparently due to bacterial infection. lthis child (Case 1) and six others (Cases 7, 8, 12, 16, 21, and 22) all died within minutes of collapsing. The remaining six children in this group (Cases 9, 13, 14, 17, 18, and 20) Respiratory Tract Infections-Gardner et cdl.
BRUTIsH pneumonia, but his large ventricular septal defect must have added to his respiratory distress. Pulmonary mucoviscidosis commonly leads, as in two cases in this series, to a prolonged and ultimately unsuccessful fight against bacterial superinfection. Congenital facial haemangiomata were probably the portal of entry of the streptococci which killed one child. Lobectomy for congenital emphysema, even when carried out in infancy, leads to permanent impairment of vital capacity, and presumably also of ability to survive serious pulmonary infection (DeMuth and Sloan, 1966) . The frequent association of congenital abnormalities with death during respiratory tract infection in early childhood was noted in a previous report from Newcastle (Elderkin et al., 1965) and has also been found by G. A. Neligan (personal communication, 1967) in follow-up studies of 13,430 single legitimate live births occurring in Newcastle during 1960-2. Of these children, 108 died between the ages of 1 month and 1 year, and of those who came to necropsy 18 were found to have had respiratory tract infections at the time of death, with associated major congenital abnormalities in five cases.
There is nothing original about the observation that children with congenital abnormalities, particularly those of heart or lungs, have a reduced chance of surviving respiratory tract infections; but the high proportion of children with such abnormalities in these series of fatal cases is noteworthy, and helps to explain why respiratory tract infections continue to have a relatively high mortality rate among young children.
Pathogenic Organisms
Only 6 of the 22 deaths in our series were demonstrably attributable to bacterial infections; one other child died from an unexplained complication of a pneumonia probably caused by staphylococci. The pneumococcus, principal agent of fatal respiratory tract infections in pre-antibiotic days, apparently played no part in our series. Our failure to find possible bacterial causes for the illnesses of 15 of the 22 children is all the more significant because only four of them had received antibiotics before coming to hospital. Furthermore, in many cases we were able to culture heart blood and lung aspirate collected a few minutes after death, and we think it unlikely that bacteria responsible for fatal pulmonary infections would commonly escape detection by such means. R.S.V. was isolated from 3 of the 11 children from whom appropriate upper respiratory tract swabs were collected during life, and from necropsy lung tissue of 8 out of 21 children. The first of these findings can be compared with figures from a survey of our own, to be published in more detail elsewhere, in which we isolated R.S.V. from the upper respiratory tract swabs of only 4 out of 295 children admitted to hospital with no clinical respiratory tract infection; but we have no information about the frequency with which this virus can be isolated from the lungs of children who die from non-respiratory causes. The significance of our high rate of isolation of R.S.V. from the 22 fatal cases is enhanced by the fact that we isolated no other viruses from their respiratory tracts, despite the wide range of culture procedures used. It is of interest that we isolated R.S.V. from the lungs of all four children who died of non-bacterial pneumonia, but from the lungs of only three of the nine who died of bronchiolitis. The latter condition is known to be predominantly due to R.S.V., in Newcastle (Elderkin et al., 1965) as elsewhere (Chanock et al., 1961; Beem et al., 1962) , and though we do not know of conclusive evidence that it is also the predominant cause of fatal bronchiolitis, it seems likely that this is so. A possible explanation of our findings is that R.S.V. survives better in pneumonic lung than in bronchiolitic lung after the death of the patient, but there are many other possibilities.
R.S.V. infection was the presumptive cause of death in four cases of pneumonia and in three cases of bronchiolitis, and was found in the upper respiratory tract of one other child who died with only minor pathological changes in his respiratory tract. The isolation of R.S.V. as well as H. influenzae type b from the respiratory tract of the child with epiglottitis may have been coincidental; but since pathogenic collaboration between viruses and this bacterial species has been postulated in various conditions and demonstrated in some (see Turk and May, 1967) , the suggestion that R.S.V. plays a part in the aetiology of haemophilus epiglottitis cannot be dismissed out of hand.
Speed of Diagnosis and Treatment
Several of the children were desperately ill before they reached hospital, and in some cases before any medical help was sought. Of the two who died of staphylococcal pneumonia, one might have survived if she had received a more appropriate antibiotic than tetracycline during the early days of her illness, and the other if he had come under medical care before he had been ill for a week. Haemophilus epiglottitis is virtually always a necropsy diagnosis in Britain (Jones and Camps, 1957; Johnstone and Lawy, 1967) , but in those parts of the U.S.A. where the condition is well known, promptly diagnosed, and treated by immediate tracheotomy and administration of appropriate antibiotics the recovery rate is high (Berenberg and Kevy, 1958 The mechanisms underlying such collapse are obscure, and we do not know what parts dehydration and hypoxia play in its production. Some of the children in our series were given intravenous fluids and all received oxygen, but hardly any biochemical investigations were carried out to determine the extent of their need for such treatments and the adequacy of the measures employed. Morrison (1955) showed that oxygen tents, as commonly used, may fail to supply enough oxygen to children with acute respiratory tract infections. Simpson and Flenley (1967) confirmed that administration of 40% oxygen cannot be relied upon to produce normal levels of arterial oxygen tension in such cases; they also showed that clinical signs of respiratory distress are not to be trusted as indices of bloodgas levels, and that uncorrected respiratory acidosis in such 17 -Tract Infections-Gardner et al.
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children carries a poor prognosis. Their work thus suggests that repeated direct measurements of arterial blood-gas and pH levels might do much to improve the management of children with severe respiratory tract infections; we would add that repeated electrolyte determinations might also be of value. The use of modern microtechniques greatly reduces the extent to which such investigations disturb a sick child. The mortality rate associated with respiratory tract infections in childhood seems more likely to be reducible by such an approach than by any other at present available to us.
Summary
Of 22 children with respiratory tract infections who died in Newcastle and Durham hospitals during a 27-month period, 19 were less than 1 year old. Nine had major congenital abnormalities.
Bacterial infections were apparently responsible for only 6 of the 22 deaths. Respiratory syncytial virus was the only potential pathogen isolated from eight of the children ; it was isolated from necropsy lung specimens in seven of these cases, including all four cases of pneumonia with no apparent bacterial cause ; and it was also isolated from the upper respiratory tract and the lung of a child with haemophilus epiglottitis. No other viruses were incriminated in any of the 22 cases. Sudden and substantially irreversible collapse was a common feature, especially in the cases not apparently caused by bacteria. Investigation of the blood-gas levels and biochemical changes in such children is suggested as the most promising approach to improved management.
